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1) Open textbook / class notes examination 
 

2)  The examination consists of two parts: 
 

PART A (40%) – Attempt 2 questions out of 3, each worth 20 marks. 
PART B (60%) – Attempt 2 questions out of 3, each worth 30 marks. 

 

3)  State clearly all assumptions.  
 

4)  It is strongly recommended to describe in words the outline of your solution. 
 

________________________________________________________________________     
 

 
 
 
 

Good luck!!! 
 
 

Enjoy the rest of summer 
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Part A – 40% Attempt 2 of the following 3 questions. Each question is worth 20 marks. 
 

A1. A long rod passes through the opening in an oven having an air temperature of 400oC and is 
pressed firmly onto the surface of a billet. Thermocouples imbedded in the rod at locations 25 and 
120 mm from the billet register temperatures of 325 and 375oC, respectively. What is the 
temperature of the billet? 

 

  
 
 

A.2 A cylindrical heating element (L = 0.2 m, D = 0.02 m), whose surface is maintained at a constant 
temperature Ts, is to be placed in the room in which air is at temperature Te (Te < Ts). The heating 
element can be mounted vertically, or horizontally. When placed vertically, the Rayleigh number 
is 5 x 108. Neglecting the end and radiation effects, determine the ratio of heat transfer rates in the 
vertical and horizontal arrangements. Use the following properties of air, Pr = 0.69, k = 0.0290 
W/m K. 
 
How would inclusion of the radiative heat transfer from the element affect the ratio calculated 
above? 

 
 

A3. Fluid A, available at 10oC is to be heated in a one-shell-pass four-tube-pass exchanger, heat using 
fluid B available at 180oC. When the mass flow rates of fluids A and B are mA and mB, the 
respective outlet temperatures are, TA,out = 100oC and TB,out = 125oC. To increase TA,out it is 
proposed to double the mass flow rate of fluid B (2mB) while keeping the mass flow rate of fluid 
A unchanged. If as a result of doubling the mass flow rate of fluid B the overall heat transfer 
coefficient (U) in the exchanger increases by 20%, what is the new outlet temperature of fluid A.  
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Part B – 60% Attempt 2 of the following 3 questions. Each question is worth 30 marks. 
 

B1. Uniform volumetric heating ( '''
vQ& ) within a solid stainless steel tube is induced by an electrical 

current and heat is transferred by convection to air flowing through the tube. The tube wall has 
inner and outer radii of r1 = 25 mm and r2 = 35 mm, a thermal conductivity of k = 15 W/m K, and 
a maximum allowable temperature of 1400 K. Assuming the outer surface to be perfectly 
insulated and the air flow inside the tube to be characterized by a temperature and convection 
coefficient of Te = 400 K and hi = 100 W/m2 K, determine the maximum allowable '''

vQ& . 
Considering that ( ) ( )2

1
2

2
2''' rrIRQ ev ππ −=& , where I is the electrical current in [A] and Re is the 

electrical resistance per unit length of tube in [Ω/m], determine the maximum current that could 
be passed through the tube if Re = 0.7 Ω/m. 

 
 
B2. A new process for treatment of a special material is to be evaluated. The material, a sphere of 

radius 5 mm is initially in equilibrium at 400oC in a furnace. It is suddenly removed from the 
furnace and subjected to a two stem cooling process.  
 
Step 1: Cooling in quiescent air at 20oC for a period of time ta until the center temperature 

reaches a critical value Ta(0,ta) = 335oC. The surface of the sphere has very low emittance 
so that the radiation from the sphere may be neglected.   

 
After the sphere has reached this critical temperature, the second step is initiated. 
 
Step 2: Cooling in a well stirred water bath at 20oC, with a convection heat transfer coefficient of 

6000 W/m2 K. 
 

a) Calculate the time ta required for step 1 of the cooling process to be completed. 
b) Calculate the time tw required during step 2 of the process for the center of the sphere 

to cool from 335oC to 50oC. 
 
Data for the material: ρ = 3000 kg/m3, k = 20 W/m K, cp = 1000 J/kg K 
 
 

 B3. Hot coffee is contained in a cylindrical thermos bottle that is of length L = 0.25 m. The coffee 
container consists of a glass flask of diameter D1 = 0.06 m, separated from an aluminium housing 
of diameter D2 = 0.07 m by air at atmospheric pressure. The emmisivities of the outer surface of 
the flask and the inner surface of the housing are ε1 = 0.30 and ε2 = 0.40, respectively. Neglecting 
the end effects, if the respective surface temperatures are T1 = 75oC and T2 = 35oC, what is the 
rate heat loss from the coffee? If the space between the flask and the aluminium housing were to 
be filled with insulation, what should be the thermal conductivity of the insulation for the rate of 
heat loss from the coffee to be the same as the one calculated above?  
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Appendix 1 
 

 
 


